Corpus iuteum (CL) function following spontaneous or prostaglandin F2~-induced estrus was studied in 27 Brahman cows and 16 Brahman heifers. Females received one injection of 0, .38, .75 or 2.25 mg alfaprostol | (PGF)/100 kg body weight at 12 -+ .1 d post-estrus. Serum progesterone (P4) during CL formation, following the subsequent estrus, increased over time (P<C001, 1 to 13 d post-estrus) and was influenced by PGF (P<.06) and a PGF • time interaction (P~.02). Low serum P4 concentrations were observed during CL formation (d 3, 4, 10, and 12) in cattle that received 2.25 mg PGF. On d 13 post-estrus, CL were removed. No differences in weight, P4 content or number of luteinizing hormone (LH) receptors was evident between CL derived 13 d following spontaneous vs PGF-induced estrus. The CL formed following PGF-induced estrus had fewer large (P<C.002) and small (P<C.09) luteal cells in heifers, a lower (P<~.O08) percentage composition of histological type I and II iuteal cells in cows and a lower (P<C.OO01) in vitro P4 response to LH in both cows and heifers when compared with the CL formed following spontaneous estrus. Cows had heavier (P<~.002) CL with a higher (P<C05) number of large cells, a higher (P<.09) percentage composition of histological cell type I and II luteal cells, and a higher (P<.03) in vitro basal and stimulated P4 secretion. It is concluded that 1) the events associated with artificially shortening the estrous cycle with PGF altered subsequent CL function in Brahman females; 2) cows had heavier CL, which were composed of more steroidogenically functional luteal cells, than heifers and 3) age of'animal interacted with PGF to alter subsequent CL function in Brahman females.
I ntroduction
High fertility has been associated with enhanced corpus luteum (CL) function (Erb et al., 1971 (Erb et al., , 1976 . For effectiveness, prostaglandin F2~ (PGF) therapy must result in estrus, ovulation and formation of a functional CU Suboptimal estrus response and fertility following PGF have been reported for Bos indicus cattle (Hardin et al., 1980; Hardin and Randel, 1982; Hansen et al., 1987) . Impaired CL function may be one explanation for the low fertility following PGF-induced estrus in Bos indicus cattle.
Incomplete luteal regression following PGF treatment may result in elevated serum progesterone (P4) during estrus, which may alter estrus and ovulation. Artificially shortening the estrous cycle and time of exposure to P4 with 524 J. Anita. Sci. 1987 . 65:524--533 PGF could impair events associated with follicle selection, estrus, ovulation and formation of a functional CL. The objective of this study was to determine functional competency of the CL following spontaneous and PGF-induced estrus in Brahman cows and heifers.
Materials and Methods
Animals, Treatments and Estrous Detection. Thirty-five mature, nonlactating Brahman cows weighing 451 +-8 kg and 25 virgin post-pubertal (age: 2 yr) cyclic Brahman heifers weighing 347 + 7 kg were utilized. Females received one injection (0800) of O, .38, .75, 1.50 or 2.25 mg of the PGF2a analogue alfaprosol9/lO0 kg body weight during the luteal phase (d 12 + .2) of the estrous cycle (table 1). Alfaprostol will be referred to as PGF throughout this manuscript. Epididymectomized bulls equipped with chin ball markers were maintained with females and were used in conjunction with visual observation (four times/day) to monitor estrous activity prior to and following PGF injection. Seven cows and five heifers were assigned to receive each dose of PGF. Corpus luteum regression and estrus reponse following PGF in this study were reported by Hansen et al. (1987) . Briefly, the interval from injection to estrus did not differ between control cows and heifers (pooled mean: 332 + 23 h). Cows treated with -->.38 mg PGF and heifers treated with I>.75 mg PGF had intervals to estrus that did not differ due to PGF dose or age of animal (pooled mean: 93 +-8 h), but had intervals that were shorter (P<.0001) than control females. One heifer treated with .38 mg PGF had an interval to estrus of 73 h. Only those females that exhibited PGF-induced estrus or a normal, control estrous cycle (16 to 26 d) were evaluated (n = 43; table 1).
Serum Progesterone. Blood samples were collected once daily following spontaneous or PGFinduced estrus for 13 d. Blood was processed to yield serum and was assessed for P4 by radioimmunoassay 1~ (Abraham et al., 1971 ). The intra-assay coefficient of variation was 10.1% (all samples were analyzed within the same assay) and extraction recovery was 88.3%.
Corpus Luteum Collection. Corpora lutea were collected surgically by a high-lumbar laparotomy using a local anesthetic on d 13 following spontaneous or PGF-induced estrus. Immediately following removal, CL were weighed and then quartered in a vertical plane to the papillum. Twenty percent of cows and 25% of heifers had fluid-filled CL. The occurrence of fluid-filled CL was random across PGF doses and age of animal. Fluid weight was not included in CL weight. Each CL quarter was weighed and processed. One quarter was snapfrozen in liquid nitrogen and stored at -20 C for subsequent analysis of Pa (Armstrong et al., 1964) .
Luteal Cell Size and Culture. Another quarter was placed immediately into cold Ham's F-1013 medium and subsequently sliced into .5-mm sections using a Stadie-Riggs microtome. Enzymatic dispersion (Collagenase, Type I) 11 and short-term incubation of luteal tissue was conducted in a manner similar to methods described by Simmons et al. (1976) and Rhodes et al. (1982) . Concentration and content of large and small luteal cells (Ursely and Leymarie, 1979) was determined by estimation of size and number on a hemocytometer. Cell viability was determined by the standard trypan blue exclusion method. A concentration of 200,000 live cells/ml of medium was placed in 15-x 85-mm culture tubes (in triplicate) and cultured at 37 C for 1 h in a water bath (Rhodes et al., 1982) with either O, 10, 50, 100 or 500 ng bLH 14. No attempt was made to separate luteal cell populations based on size prior to culture. The culture medium was removed and assessed for Pa. (Foley and Greenstein, 1958; Donaldson and Hansel, 1965; Thwaites and Edey, 1970) .
Luteinizing Hormone (LH) Receptors. The remaining CL quarter was stored in liquid nitrogen until subsequent analysis of unoccupied LH receptors. Luteal tissue was processed according to methods described by Diekman et al. (1978) . Radioiodination of human chorionic gonadotropin (hCG: CR-121; 13,450 IU/ml) is was conducted using chloramine-T 16 procedures, and specific activity of the radioiodinated hCG preparation was determined by a self-displacement assay (Catt et al., 1976) . Bindability of 12Si.hCG was assessed on the day of specific activity determination and on each day of receptor quantiation. Bindability was determined by incubating minimal 12s I-hCG (2,000 cpm) in the presence of excess CL membranes [100 mg wet weight (ww)]. Bindability ranged from 28 to 38% (cpm specifically bound/cpm added). Specific activity of the iodinated hCG preparation ranged from 33 to 41 mCi/mg (gamma counter efficiency: .685 cpm/dpm). Receptors for LH were initially determined via modification of the gonadotropin-releasing hormone receptor standard curve method described by Nett et al. (1981) . A standard CL membrane pool was developed using excess CL tissue from samples. The receptor population in the standard membrane pool was characterized via Scatchard (1949) analysis and numbers of binding sites averaged .944 + .007 fmol/mg CL (n = 4; figure 1). A standard curve of known receptor concentration (mass) was developed (0, 2, 4, 6, 8, 12, 14, 16 and 18 mg ww) and incubated at room temperature in the presence of 40,000 cpm 12s I-hCG for 16 h. Specific binding of t2s I-hCG was determined by correcting the total bound for the amount non-specifically bound in the presence of 10 /ag hCG (3000 IU/mg) 17. Specific binding was plotted against the log of mass added and a regression line was calculated (figure 2). Two concentrations of sample (5 and 10 mg ww) were incubated (in duplicate) with 40,000 cpm lZSl-hCG; percent bound was converted to mg equivalents and fmol receptor using the standard curve. Quality control CL membranes (6 and 12 mg ww) were 
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Figure 2. Standard curve for assessment of corpus evaluated with each centrifuge spin of sample (no. = 6). Quality control CL membranes had .829 + .02 fmole receptor/mg ww with a coefficient of variation of 5.9%. All samples in the standard curve assay were assessed using 12sI-hCG from a single iodination.
Validation of the standard curve assay requires that sample slopes be parallel with the standard curve slope. Slopes of the sample lines were tested for parallelism against the standard line with student's t-test (a = .05). Thirty percent of samples evaluated had non-parallel slopes when compared with the standard curve. Forty-two percent of non-parallel samples had binding that exceeded 80%. With only two points representing the slope of the standard line, a stight difference in one value could make a large difference in apparent slope. In retrospect, a three-point sample determination would have provided a more accurate estimation of slope and, thereby, receptor levels. These samples, along with quality controls were reassessed using a five-point Scatchard curve. Differences in quality control LH receptor levels prior to (.827 fmoles) and following (.720 fmoles) an additional freeze-thaw cycle were used to correct values of samples that were frozen an additional time.
The LH receptor affinity constant (Ka) averaged 1.28 + .01 x 10 -11 and capacity ranged from 1.82 to 5.46 • 10 -12 mol/CL. Diekman et al. (1978) expressed LH receptor concentration as mol receptor/CL. Spicer et al. (1981) indicated that expression of hCG binding per/~g DNA,/ag protein or mg luteal homogenate yielded similar results. Receptor concentration in this study was expressed as fmol/mg ww CL or as fmol/CL.
Statistical Analysis. Factorial analysis of variance designed for unequal subclass numbers, factorial analysis of variance specific for repeated measures design, regression and pre-planned comparisons using Student's t distribution were used to evaluate data (Dixon, 1981 ; SAS, 1985) .
Results and Discussion
Serum Progesterone. Serum concentrations of P4 indicated that formation of a functional CL had occurred (1 to 13 d) following spontaneous or PGF-induced estrus. The daily P4 profile increased over time (P<.O01) and was influenced by PGF (P<.06) and by a PGF X time interaction (P<.02). Because age of animal did not affect serum P4, data for cows and heifers were combined (table 2). All females treated with the highest PGF dose (2.25 mg/100 kg) exhibited induced estrus followed by lower concentrations of serum P4 on d 3 (P<.09), 4 (P<.07), 10 (P<.09), 11 (P<.03) and 12 (P<.10) when compared with control females. Hardin and Randel (1982) reported similar subnormal serum progesterone during formation of CL following cloprostenol-induced estrus. The mid-range doses of PGF (.75 to 1.50 rag/100 kg) induced estrus, which were followed by serum P4 profiles (1 to 3 d) that were similar to control and to profiles described in the literature (Refsal and Seguin, 1980; Spicer et al., 1981; Hardin and Randel, 1982) .
Corpus Luteum Weight and Progesterone.
Corpus luteum weight, Pa concentration and P4 content following PGF-induced estrus were similar following spontaneous estrus (2.7 to 4.7 g; 31 to 53 /ag P4/g CL and 104 to 367/lg P4/CL; respectively). These data were similar to results described in the literature (Donaldson and Hansel, 1965; Irvin et al., 1978; Spicer et al., 1981; Hardin and Randel, 1982; Rhodes et al., 1982) . 
Large and Small Luteal Cells. At least two
luteal cell types exist (type I and type II: small and large) that secrete P4. The older classification (type I and type II) was based on morphological characteristics identificable following fixation and staining (Foley and Greenstein, 1958) . Large and small luteal cell classifications were derived from cell type I and II characteristics (for review see Niswender et al., 1985) . Large bovine luteal cells secrete 10 to 30 times more basal P4 than small luteal cells, yet small luteal cells outnumber large luteal cells and exhibit higher P4 secretion when challenged with LH in vitro (Lemon and Loir, 1977; Ursely and Leymarie, 1979; Koos and Hansel, 1981) . Data for luteal cell populations in CL formed subsequent to spontaneous or PGF-induced estrus are presented in figure 3 . The influence of PGF was assessed in cows and heifers independently due to PGF x age of animal interactions on small cell concentration (no./g CL; P<.01), small cell content (no./g CL; P<.03) and large cell concentration (no./g CL; P<.08). In cows, luteat cell populations were not altered in CL formed following spontaneous and PGF-induced estrus. In heifers, CL formed following PGF-induced estrus had a lower (P<.09) small cell concentration, and a lower (P<.05) small cell content than CL formed following spontaneous estrus. Linear declines in large cell concentration (P<.002; R2=.52) and content (P<.0002; R2=.64) were also evident in heifers as PGF dose increased.
Controversy exists concerning follicular origin of small and large luteal ceils (Niswender et al., 1985) . It is generally recognized, however, that granulosa and theca interna cells differentiate into luteal cells. The shift in luteal cell populations 13 d following PGF-induced estrus may likely be initiated at the time of PGF injection (d 11 to 13 of the previous cycle). By artificially shortening the estrous cycle with PGF and, thereby, shortening the exposure time to P4 (hypothalamus, pituitary, uterus, ovary), it is conceivable that selection of the ovulatory follicle, as well as differentiation of granulosa and theca interna cells to luteal cells, could be altered. The small and large cell data indicate that heifers are more prone to alteration of luteal cell populations following synchronization of estrus than cows.
Luteal Cell Histology. The cell type I to V classification provides the added benefits of characterizing three additional cell types (III, IV and V), which represent sequential stages of luteal regression. Type I and II cell populations were combined to represent a functional secretory cell type, since histological examination of these cell types infers normal morphology and, hence, normal secretory function. Data were presented as the percentage composition of cell types I and II, III, IV or V (figure 4). The per- centage composition of type I and II ceils was higher (P<.09) in cows than in heifers. Due to influence of age of animal, effect of PGF on type I and II cells was assessed in cows and heifers separately. No relationship between dose of PGF and type I and II cells was evident in heifers. As dose of PGF increased in cows, percentage composition of type I and II cells decreased (R 2 = .25; P<.008). It was apparent (low R 2) that rather than a linear influence of PGF dose on percentage composition of type I and II cells, any dose of PGF caused a decline in composition of type I and II cells. As type I and II cells seemingly represent normal functional secretory luteal ceils, a decreased in percent composition of this cell type in cows may help explain lowered serum P4 on specific days following synchronized estrus. Type III cells were influenced (P<.002) by PGF and a PGF • age of animal interaction. Likewise, type IV cells were influenced by PGF (P<.01) and a PGF x age of animal interaction (P<.006). Linear relationships between PGF and cell types III and 1V were not evident. As depicted in figure  4 , PGF caused variable alteration in the expression of type III and IV ceils. Presence of PGF x age of animal interactions suggests that the effect of PGF on type Ili and IV cells was confounded by age of animal. Type V cells were not influenced by PGF, age of animal or by a PGF X age of animal interaction. Linear relationship between PGF and cell type V were not evident. Foley and Greenstein (1958) tory function. Betts et al. (1985) indicated that cell type I decreased, while type III and V increased following cloprostenol injection. Bos indicus cattle used in this study had a high percentage of type III, followed by types IV, I and II and V luteal cells. Differences in reproductive physiology between Bos indicus and Bos taurus cattle (Anderson, 1936; Plasse et al., 1970; Randel, 1984; Segerson et al., 1984) may explain the different distribution of luteal cell types in this study when compared with the distribution described by Foley and Greenstein (1958) . Alternatively, in the ewe, Thwaites and Edey (1970) suggested that type 111 cells, which represented the earliest stage of regression, predominated during the period of maximal P4 secretion.
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Luteinizing Hormone Receptors. The number of LH receptors in the CL has not been documented in Bos indicus females. Unoccupied luteal LH receptors did not change due to PGF, age of animal or PGF • age of animal effects.
The lack of an influence by PGF synchronization or age of animal upon LH receptors may be due to presence of "spare receptors" (Catt and Dufau, 1973) . Even though luteal cell populations were altered by PGF and age of animal, existence of spare (unoccupied) receptors may have masked any influence of PGF or age on total LH receptors. Unoccupied receptor concentration ranged from .75 to 2.0 fmol/mg wet weight, which was similar to results (bovine) reported by Rutter et al. (1985) and Spicer et al. (1981) , but was lower than results (bovine) reported by Saxena et al. (1984) . The lower receptor concentration observed in this study could be due to the animal model utilized: Bos indicus cattle have smaller CL that are less steroidogenically functional than Bos taurus cattle (Irvin et al., 1978; Segerson et al., 1984) . Furthermore, Rhodes et al. (1982) indicated that luteal cells challenged with LH in vitro exhibited lower Pa secretion in Bos indicus when compared with Bos taurus cattle. The lowered in vitro response to LH observed by Rhodes et al. (1982) in Bos indicus cattle may have been due to LH receptor dysfunction.
Luteal Cell Culture. Basal P4 secretion (0 ng LH) by luteal cells in culture was higher (P<.03) in cows (10.3 +.9 ng/200,000 cells) than heifers (6.5 + 1.4 ng/200,000 cells) but did not differ due to PGF ora PGF • age of animal interaction. The following model was assessed with respect to in vitro luteal cell progesterone production following culture with LH: PGF (P>.10:NS), age (P<.03), LH (P<.0005), PGF x age (NS), PGF X LH (NS), age • LH (NS) and PGF x age • LH (NS). Since P4 production by cultured luteal cells did not differ due to PGF or PGF by age of animal, PGF doses were pooled (figure 5) to assess the effect of age of animal and LH challenge. Luteinizing hormone stimulated (P<.0005) luteal cell P4 production in a dosedependent manner in both cows and heifers, with maximal stimulation following challenge with 10 or 50 ng LH/ml. A dose-dependent decline in luteal cell P4 production was evident following challenge with 100 and 500 ng/ml. The bimodal in vitro response to LH has been reported by several investigators and explained (Marsh et al., 1973; Hunzicker-Dunn et al., 1978) by initial stimulation followed by a "refractory" or "desensitization" period. Luteal cells derived from cows produced higher (P<.03) levels of progesterone following challenge with LH (10 ng) when compared with luteal cells derived from heifers.
Due to the age influence on LH-stimulated luteal cell P4 production, P4 response curves were expressed as the proportional change from basal secretion (0 ng LH; figure 6 ). The following model was assessed with respect to the adjusted data: PGF (NS), age (NS), LH (P<.0001), PGF • age (NS), PGF X LH (P<.06), age x LH (NS) and PGF • age • LH (NS). It was evident that luteal cells derived from CL following PGFinduced estrus were less responsive to LH (lower P4 following LH challenge) when compared with luteal cells derived from CL following spontaneous estrus (figure 6).
Summary and Conclusions.
Cows had CL with lower P4 concentrations (P4/g CL), bat higher Pa content (P4/CL) because of the greater quantity of CL tissue than heifers (table 3). The higher basal P4 production by cow luteal cells in vitro could have been caused by greater number of large luteal cells as well as the greater percentage composition of secretory cell types I and II when compared with heifers. Lemon and Loir (1977) , Ursely and Leymaire (1979) and Koos and Hansel (1981) indicated that small cells secrete more progesterone when stimulated with LH in vitro than large cells. In this study, cows had CL with fewer small cells and a lower small-to-larger cell ratio, yet a higher in vitro LH-stimulated P4 production than heifers. The higher in vitro LH-stimulated P4 production in cows could not be explained by a greater number of LH receptors. Harrison et al. (1986) documented an abundance of LH receptors on purified large luteal cells of the ewe. When challenged with LH, these large luteal cells did not respond with increased P4 secretion. The luteal cells in the present study were placed in culture as a mixed cell (large and small) population. It remains to be determined whether cow luteal cells (large and small) interacted to produce more progesterone following culture with LH than heifer luteal cells.
Results indicate that the high PGF dose (2.25 mg/100 kg) suppressed serum P4 on specific days following induced estrus, and as PGF dose increased (from 0 to 2.25 mg/100 kg), the population of large and small luteal cells decreased in heifers, percentage composition of secretory (type I and II) luteal cells decreased in cows and luteal cell P4 production following in vitro challenge with LH decreased in cows and heifers. Age interacted with PGF to alter subsequent CL function in this study. The maturation process (puberty, pregnancy, gestation, parturition and postpartum recovery) may help explain age effects and interactions between age and dose of PGF that were observed in this study. Whether conception rate in Bos indicus females is altered following a dose titration of PGF-induced estrus remains to be determined. Additionally, studies involving PGF, as well as P4, alteration of bovine theca interna and granulosa differentiation into luteal cells are warranted. Following a clearer understanding of events associated with PGF-induced estrus, management systems that elicit estrous synchrony followed by high conception rates and economic gain may be realized.
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